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MECHANTSMS TO DEPLOY THE TWO=8TAGE 1US FROM THE SHUTTLE CARGO BAYl
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SUMMARY

The Inertial Upper Stage (IUS) is a two=-utuge or three-stage booster
: used to transport spacecraft from the opace shuttle orbit to synchronous orbit
s or on an interplanetary trujectory. 'The méchanisms discussed in this paper
were designed specifically to perform the two-stuge IUS required functlona
while contained within the cargo bay of the space shuttle during the boost
phase and while in a low Earth orbit. This paper describes the requirements,
configuration, und operation of the mechanisms with particular emphasis on
the tilt actuator and the mechanism for decoupling the uctuators during boost
to eliminate redundant load pathée ..o -

INTRODUCTION

The mechanisms required to funetion during the space shuttle orbiter
: boost and IUS separation sequence were designed and selected to meet the chal-
E. _ lenge of remote deployment. The environment is hostile and exceeds the capa=-
) bilities of muny of the materimls considered standard in the aircraft industry.
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The IUS cradle assembly is the airborne support equipment (ASE), whieca
interfaces between the IUS flight vehicle and the space shuttle orbiter cargo
bay. The cradle structure consists of (1) an aft support frame that provides
support structure for IUS X, Y, Z, Mx and Mz loads and (2) a forward support
frame that provides support for IUS Y and Z loads during boost. A keel pin
between the forward frame and the IUS carries the Y loads and may be loaded at
deployment due to thermal distortions of the orbiter. The aft frame pivots
during depioyment to elevate the IUS out of the shuttle cargo bay. All mechan=
isms are a part of these two major structural elements. Figure 1l shows the
space shuttle and its relationship to the IUS cradle assembly.
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After orbit has been achieved, the forward frame latches are opened to
allow the aft frame tilt actuators (AFTA) to erect the IUS and its payload to
a checkout position and, finally, the separation position. The Super®Zip
linear explosive fractures the support structure, allowing self=-deployment
spring assemblies to eject the IUS and its payload at a velocity that is
adequate to obtain a safe separation distance before firing the IUS first-
gtage boost motor.

lyork performed on contract FOUT01~78~C-0040, HQ. Space Division (AFSC).
®Lockheed Missiles and Spacée Company .




DESIGN REQUIREMENTS

All mechanioms share certain general requirements relative to tho opaea
environment, nuch as the following:
a. Complete 100 flipghto and last for 10 yoars,
b. Operate in zero gravity,
¢. Burvive temperatures as low as -84°¢ (=120°F),
d. Have an operating temperature range of ~23°C to +52°C (-10°F to +125°P),
Q. Provide redundancy for any operating mechunism.
f.  Be contuined within the allowable puyload dynamic envelope.
g. Use muterials and finlshes that will not outgas.

Tilt system specific design requirements are:
a. Rotate the aft frame at an angular rate of 12 + 6 degrees per minute.
b. Elevate the IUS to 29° for checkout and to 58° for separation.
¢. Provide the capability to elevate the IUS to 90°.
d. Retract the aft frame to the stowed position with the IUS attached.

€. Retract the aft frame to the landing lock position (-"") without the TUS
attached.

T+ Provide redundant drive systems,
3+ No intentional load paths during boost,

h. Decouple a failed drive system,
AFT FRAME TILT ACTUATOR

Rotation of the IUS about the trunnion in the aft support frame is
powered by the aft frame tilt actuator (APTA), an electrically driven Jack
serew. The desipgn is similur to the thrust vector control actuator desceribed
in reference 1. The power is provided by o reversible rare-Burth de torque
motor and tachometer mounted directly to a recirculating ball nut. “he con-
troller electronies are mounted on the aft support frame. The operation per-
formance characteristics and the actuntor assembly are shown in fipure 2,
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The lower ocurve af the performance diagram desoribes Lho varal engo
replstance torques, Thene inaclude trunnion frietion, electrienl cpble hend-
ing between the ohuttle and the aft froma, TUS keal pin frictlon and two
umbllienl plup lanyardn, The eurve shown a margin in oxeopn of 1 an raquired
by speeification DOD=A=835TTA(USAF), Cnble bending loadn and umbilienl plup
foreen have been vorifiad in full senlo develepment toptp. Kool pin Triction
taot reoultn are ohown In table 1 and enble bending londn are shown in table 2,

The AFTA oystem connlote of the Jaekserew, moteor, tuchometer, potentlo=
meter, and cleetronle control nopombly. 'The hellow muchined serow i a8 om
(38.9 1n) lonit and 1s supperted en both endp by rulde bushlngoa.  The ball nut
io supported to the houning by a combination radinl nnd thrust ball bearings.
Posltion control for power eoff misslon functionsy ig provided by two moshing
lock geors that mesh with u pear intogral with the ball nut. With 3olenolds
unpowered, return springs lnside the solenoids hold the loek pears in meoh
with the ball nut pgear. When energized, the solenoids withdraw twe gears from ?
the ball nut gear, allowing the torque motor to drive. The locking pgears oper=-
ate independently and will perform thelr lock-unlock function even If one sole-
noid falls to operate.

The lead of the ball screw is .254 em (0.10 in) and the normsl rotational
rate of the ball nut is 18 r/min. A linear potentiometer and wiper provide
position information and switch sipnals to the controller. A tachometer pro-
vides the rate data to the controller. The rcd end of the actuator connects
to a slip-ring assembly mounted on the oft framoe.

SLIP RING

The slip ring shown coupled to the AFTA in figure 3 provides the means to
decouple the AFTA during boost. The requirement results from the two-stage
aft frame mounting to the shuttle cargo bay longerons. A 1.83 m (6 ft) long
spreader spring supports each end of the aft frame. Deflections of the spring
would create d load path through the AFTA if coupled during boost or landing.

An engage pin mounted within the aft frame structure is spring loaded and
offset from the mating hole in the slip ring. As the spreader spring deflects
under IUS oseillations in booust, the engage pin moves along the slip ring L
approaching but never entering the engare hole. A redundant load path through
the tilt actuator is avoided.

Engagement of the actustor and slip ring to the aft frame to erect for
launch of the IUS is accomplished when the actuator is extended until the
mating hole is aligned with the engapge pin. A signal at the crew station cone-
firms engugement.

The tilt actuator and slip-ring system is completely redundant, The pri-
mary AFTA is located on the right-hand side of the shuttle with the allernute
system located on the left side on the opposite end of the af't support frame.,
During operation of the primary actuator, the alternate system enpapge pin
slides along the alternate sliv ring, never aligning with the enguge hole. A
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fallure of tho primary actuator syatem ptopn the erection aynle and will
roquire the aptronaut to remotely cxtend the alternate nctuntor untll the
nltornato ongapge pin entern the olip ring hole, At that time, the pin puller
of the prlmary nyntom 1o flred, uning two NET eartrideos to relonpe the prle
mary sctuator from the aft frumo. A epring cartreldge rotaten thn primary
netuabor out of enpagemont to provent any physleal intorforenco nn the aft
frame rotaten back to loek for landlng,

KEREL PIN EXTRACTOR SPRING

During the erection eyele of the 1U8 fyom the shuttle, the keel pin at
the forward frame to IUS interface must be wlthdrawn. This is normally s
slmple matter unlesc the shuttle has susumed 6 dlotorted shape beeause of
differentianl heuting of the two sides of the cargo bay. The resulting Y loads
on the keel pin eould overloud the 1ilt actuator sinee this frietion s
applied at o moment arm of about 3.35 m (11 £t) from the aft frame plvot.

The keel pin is shown in rigure 3. The pin is machined from 4330M stecl
and chrome plated. The IUS keel pin socket {5 mochined from GAl=4V titanium
ane coated with Vitrolube®™ dry Tilm lubricant. Seleetion of this material
combination was made after completion of & simulated keel pin friction test
summarized on table 1. The test objective was to find materials with a consis=-
tent co=fficient of friction of less than 0.1 at very low loads. The objective
was not met which resulted in a decision to design a spring assist system to
ensurc successful keel pin extraction under the worst expected keel pin side
loads. The spring has 4 coils rated at b45 N each (100 1bf).. In terms of aft
frame rotation moment applied at an arm of 3.35 m, we have 5330 Nem (L7174 1bf.
in). This moment will overcome a keel pin initial slde load of k50 N (1000 lbf)
with & margin of 1 if the coefficient of friction is 0.2 or less. The keel pin
is disengaged after 2.3 cm (0,90 in) of travel., The spring leaves the IUS after
sbout 3 ém of travel and is not reactivated throughout the remainder of the
migsion.

DEPLOYMENT SYSTEM DESCRIPTION

The block diagram and time line of figure 4 is a schematic description
of the system. The power control panel is mounted in the shuttle crew station’
and contains all control switching except the payload retention latch actuator
(PRLA) which remains on the shuttle A6 panel. The power control unit and the
two AFTA controllers are located on the ASE cradle aft gupport frane.

In & typical mission after the space shuttle ig in orbit, the flight crew
orients the shuttle and opens the cargo bay doors. The primary AFTA is extended
until the slip ring engage pin enters its mating hole and signals enpgagement.,
The latches on the forward support frame are opehed and the IUS spacecraft is
elevated to an angle of 29 degrees for completion of the spacecraft electrical
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oheckout through the IUS-taephuttle umbilleal eablen, After verlfication of
ppacoeraft flight readinens, the erow diaconnectn the umbilicnl pluga and the
umb11ienl eablo tray moves away from the TUD ror deployment elonyanee,

The AFPA 4o agaln oxtended Lo nn TUSeppnecerst nnpglo of 8 degrreon with
the apace phuttlo eontop, tha fupor®Zip Lo tleed, the U2 poparates ateacturnlly
from the aft mupport frume, and the ocopaventlon aprlongg provide the lmpulie 1o
poparato the TUS from the wpace ahnttle,

onae poparated, the AFIA 1o petractod to roturn the aft support fruwe to
1o originul positlon plun G dopreos to enpopge louding Locking ping and to
capture the umbilicnl boom to & lateh located on the forwnrd pupport feame,  The
pin puller i tired to disenpupe the AFTA and allmlinate o redundant losd path,
The poyload bay doors ure closed for reuntyy or repositloning off the gpuec
shuttle for operation with other paylouds,

The tilt mechanism nystem eontuing bullt-in redunduncy by providing two
uetuators, two controllers, two power supplies, two switehing systems, ond two
slip ring mechanlsms,

CONCLUDING REMARKS

fhe AFTA und slip ring mechanisms meet the estoblished desipgn requirements
for operation in a near Eaurth orbit.

A test program is vlanned to gain confidence that the system will
successfully perform ae required. The IUS and aft support frame will be
statically balanced about a single tree and sling support. A counterweight
will exactly balance the test article. During the rotation test, measurements
will be made to verify that the required drive margins are present.
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TABLE 1.~ KERL PIN IPRICPION TEST

MATERIAL/F INTSH YNAMI(C ¥
(TEST CONPUCTER AT ROGM TEMPERATURE) LOAD, N FRIGTION CORFTICTEN,
(Lmtatie festmearmmer f 2] ey B L -q

1333 9

TITANIUM/CANARIZE AGAINST 4130 STL/CHROME 2000 1
2667 e

1300 6

TITANIUM/VITROLUBE AGAINST 155 PH/VITROLUBE 2000 15
2667 7

1300 14

TITANIUM/VITROLUBE AGAINST 4130 STL/CHROME 2000 "

(SELECTED) )

2667 15

1300 2

TITANIUM/EVLRLUPE 620 AGAINST 4130 STL/CHROME 2000 .24
2667 L

. ) 1300 . °

TITANIUM/PLASHA. SPRAYED Cr,0, AND LVERLUDE—620 - b "

STL/CH { )
AGAINST 4130 STL/CHROME 2667 l s

TAbLE 2,= BLECTRICAL CABLE TORQUE TESTS

* GCONSTANT VELOCITY OF .38 em/sec,

UMBILICAL CABLE IN BENDING (90° To 0°)

UMBILICAL CABLE IN TORSION

ANGLE “TORQUE (21°C), Nem | TORQUE (-51%C), Nem| ToRQUE (21%), %om |TORQUE (-51%C), Nem
22,5° 1.7 a1 1.4 3.8
45 1.4 3.6 1.4 5,0
67,5° 2.6 3.3 3.1 6.2
90° 1.9 3,3 3 6.2
POWER AND CONTROL CABLE BENDING
ANGLE TORQUE (219C)) Nem [ ToRQUE (=51°C)% Nem TORQUE (21°c).‘ N'n | TORQUE (.51°cﬁ Nem
0° -6.8 ~1.4 e 15.6
30° 1.4 19,0 7.5 5.4
60° 3.4 20,3 4,2 3.4
90° 12,9 29,8 12.9 1.4

® ERECT CYCLE 0° Ty go®

4 RESTOW CYCLE 90° . o°

*1 Nem =

73756 1bf:ft

J
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Figure l.- IUS airborne support eguipment.
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Figure 2.- Tilt actuator and performance characteristics.
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Figure 3.~ Tilt mechanisms.
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Figure 4.- Block diagram and time line description of deployment system.




